Introduction: Posterolateral thoracotomy was the access of choice in surgical treatment of patent ductus arteriosus (PDA) for many years before the introduction of video-assisted thoracoscopic surgery (VATS). The latter is thought to reduce postoperative pain and improve musculoskeletal system status. However, it carries a potential risk of conversion to thoracotomy. Aim: To evaluate the rate, reasons and outcomes of VATS conversion to thoracotomy in surgical PDA patients. Material and methods: From 2012 to 2017, 112 children were qualified for VATS closure of symptomatic PDA. Among them, 19 (16.9%) with the median age of 19.4 months required conversion to thoracotomy. The predominant reasons for conversion, early mortality and morbidity as well as late survival were evaluated. Results: The overall conversion rate was 16.9% with an evident learning curve as it decreased significantly from more than 20% at the beginning to approximately 10% in the last 2 years. The predominant reasons were incomplete PDA closure (n = 6; 31.6%) followed by ductal bleeding after clip application (n = 5; 26.3%) and inadequate visualization (n = 5). One child died 48 h after the surgery due to acute cardiopulmonary failure (mortality 5.9%). All patients required postoperative chest tube insertion, and two of them developed postoperative pneumothorax. Neither deaths nor severe adverse events were noted throughout the follow-up period. Conclusions: The rate of VATS PDA closure conversion to standard thoracotomy features a learning curve. Although it must be considered as a serious complication, probably it does not negatively affect either early the mortality rate or long-term survival.
Introduction
Ductus arteriosus as a fetal blood vessel between the proximal descending aorta and the roof of the main pulmonary artery near the origin of the left branch normally closes within a week after birth [1, 2] . In some infants, particularly preterm born before the 28 th week of pregnancy, the ductus arteriosus remains patent (PDA) longer and treatment is mandatory [3] . This common congenital disorder is routinely managed with cyclooxygenase inhibitors. However, if pharmacological treatment fails or is considered to be contraindicated, interventional procedures are performed [4] . Among them a method of choice is percutaneous closure of PDA. Unfortunately this minimally invasive technique is not applicable in all children. Thus even currently surgical treatment is still an important therapeutic option in management with symptomatic PDA patients. A posterolateral thoracotomy has been the standard approach for many years [4] . In the 1990s Laborde et al. developed the video-assisted thoracoscopic surgical (VATS) method to occlude PDA [5] . Although markedly more difficult and requiring surgical skills, this minimally invasive surgical technique was shown to provide faster postoperative recovery, shorten in-hospital stay, decreased chest wall deformations and a reduced rate of other surgical complications [6] [7] [8] [9] [10] . Despite the obvious advantages of thoracoscopy, this access is associated with potential risk of conversion to traditional thoracotomy that may impact unfavorably on early and late outcomes.
Aim
Considering the above, the purpose of this study was to evaluate the rate, predominant reasons and late outcomes of children who during primary surgery for PDA required emergent conversion of VATS to posterolateral thoracotomy.
Material and methods

Patients
In the years 2012 to 2017, 112 children, including preterm infants, underwent PDA closure using the VATS technique. In 93 cases, thoracoscopic occlusion was completed successfully whereas in 19 children emergent conversion from VATS to posterolateral thoracotomy was necessary (Fig. 1) . The detailed preoperative demographic and clinical data are outlined in Table I . The institutional review board waived individual patient approval due to the retrospective nature of this study.
Operation
All VATS procedures were performed under general anesthesia. After endotracheal intubation and catheter insertion the patients were then placed in the right lateral decubitus position. It must be stated that in the first half-year of 2012 only selected PDA patients underwent VATS, whereas from June 2012 all operations for PDA were done with the minimally invasive technique. The VATS procedures were carried out by means of three ports: one for the videocamera insertion in the fourth or fifth intercostal space in the anterior axillary line and the other two for surgical instruments in the third and sixth spaces in the posterior axillary line. The cavity was insufflated with carbon dioxide under pressure of 5 to 7 mm Hg. In the case of emergent conversion to thoracotomy, the first incision usually in the fourth intercostal space was extended followed by retractor placement. In patients with pleural adhesions, first they had to be dissected free then the PDA was localized and occluded by clips. Before chest closure, a tube was placed in all patients. Doppler transthoracic echocardiography was done in the operating room to confirm complete closure of the duct.
Early and late post-operative period
After surgery, patients were transferred to the Pediatric Cardiothoracic Intensive Care Unit (ICU). Chest drains were usually kept at least for 12 h following surgery. In-hospital mortality and morbidity were analyzed. After discharge all children underwent systematic clinical follow-up in the outpatient clinic.
Data presentation and statistical analysis
Continuous variables are expressed as the means ± standard deviations if they satisfied criteria of normal distribution in the Shapiro-Wilk W test or as the medians with ranges (minimum; maximum) for the others. The former were compared with unpaired Student's t test whereas the latter data were compared with the Mann-Whitney U test. Categorical data are presented as numbers (n) and percentages (%). A p-value < 0.05 was considered statistically significant. All statistical analyses were performed using Statistica 10.0 for Windows software (StatSoft, Inc., Tulsa, OK, USA). 
Causes of conversion:
• Incomplete PDA closure (n = 6 patients (31.6%))
• Ductal bleeding after clipping (n = 5 patients (26.3%))
• Inadequate visualization (n = 5 patients (26.3%))
• Cardiopulmonary instability after insufflation (n = 2 patients (10.5%))
• Injury of the pulmonary vein during preparation (n = 1 patient (5.3%))
Conversion to thoracotomy of video-assisted thoracoscopic closure of patent ductus arteriosus
Results
Preoperative characteristics
Comparison of preoperative demographic and clinical data revealed that patients who required conversion more often presented symptoms of heart failure and had a larger PDA diameter (calculated in echocardiography). More details are listed in Table I .
Rate and reasons for conversion
Our experience with VATS PDA closure revealed a learning curve. It was confirmed by the observed rate of VATS conversion to posterolateral thoracotomy. This rate was generally higher in the first years of VATS application and it decreased to approximately 10% in the last 2 years (Fig. 2) . Moreover, during the last 25 procedures emergent thoracotomy had to be carried out only in 2 (8%) children.
The most common cause of conversion was incomplete PDA closure, followed by ductal bleeding after clipping or inadequate visualization. The others are shown in Figure 1 .
In-hospital period
There was no intraoperative mortality either in converted or successful VATS children. In the early postoperative period 2 patients (one in each group) died. One converted preterm infant died 2 days after the surgery due to cardiopulmonary failure (mortality rate 5.3%).
Drainage insertion was necessary in all converted patients and the median (minimal-maximal) postoperative blood loss was 15 (2; 200) ml. The chest tube was removed after 28.7 ±12.4 h.
Due to conversion, not only operation time (defined as skin incision to skin closure) but also hospitalization in the postoperative ICU increased significantly, from 45 (15-125) min to 90 (45-215) min (p < 0.001) and from 2 (1-5) to 3 (2-6) days (p < 0.001), respectively. Eight patients were discharged home after an average of 4.6 ±0.7 days. Ten children (10 out of 18 who survived hospitalization in postoperative ICU; 55.5%) were transferred to a Neonatal Intensive Care Unit (NICU) compared to 37 (39.8%) after successful VATS PDA closure (p = NS). The median NICU stay length of converted patients was 28 days (range: 3-94).
Interestingly, conversion had only a slight, not statistically significant impact on the percentage of patients who required blood product transfusion (25 (26.9%) vs. 9 (47.4%); p = 0.077).
Postoperative pneumothorax occurred in two patients, but only one of them required chest tube insertion. No cases of chylothorax, excessive bleeding, atelectasis, wound infection or recurrent laryngeal dysfunction were observed. 
Late outcomes
All patients completed follow-up that lasted for 5 to 70 months. A last follow-up echocardiographic examination confirmed successful PDA closure in all cases. Although 2 patients presented low-grade scoliosis, additional treatment was not indicated. No cardiac deaths or other adverse events were recorded the throughout follow-up period.
Discussion
The minimally invasive approach for PDA closure by means of VATS has a lot of advantages, but this technically demanding approach is associated with the risk of emergent conversion to traditional posterolateral thoracotomy [11] . This rate has been described in the literature within a wide range from almost minimal to approximately 18% [12, 13] . Not uncommonly high volume VATS centers presented better results. For example, Nezafati in a group of 2000 and Villa in a group of more than 700 children reported a conversion rate at the level below 1%, whereas Jacobs et al. reported 13.3% in a study that involved only 45 cases [14] [15] [16] . Although our rate is within the reported range, it seems to be relatively high. It must be stressed that our study involved all patients treated with this method, even the first cases. Moreover, we proved the existence of a learning curve for VATS to close PDA that is typical for all minimally invasive surgical interventions. Currently, having experience with more than one hundred cases, it is markedly below 10%.
Although conversion from VATS to posterolateral thoracotomy is usually considered a serious adverse event, its causes may affect early and late outcomes. If the reason for conversion is inadequate PDA obstruction or suboptimal visualization, outcomes should not be compromised, whereas ductal wall rupture, bleeding or hemodynamic instability, all requiring emergent decision, may be associated with a worse prognosis. In our group the predominant cause of conversion (n = 6) was residual shunt detected in the routine postoperative echocardiography done in the operating room. This complication was also described previously [11, 15] . Adequate visualization is crucial for successful surgery, particularly in minimally invasive procedures. In some patients, surgeons can expect technical problems to achieve optimal conditions but in others it is almost impossible. In four of our 5 children converted due to improper visualization, the conversion was deemed necessary because of extensive pleural adhesions. Among them two had a history of bronchopulmonary dysplasia. In the earlier reports, conversions were necessary predominantly due to aforementioned reasons; thus in-hospital and late outcomes of converted patients were not affected negatively by a need for conversion. Our study supported these previous findings.
During VATS procedures only one lung (the right one) is ventilated and additionally active compression of the other one with carbon dioxide insufflation under pressure of 5-7 mm Hg is applied. Non-physiological high pressure in the thorax may lead to a decrease in systemic and pulmonary venous return, then a drop in the cardiac index and mean arterial pressure which eventually cause cardiopulmonary failure [17] . In our group, both converted unstable patients were preterm infants (810 and 1320 g).
A particularly challenging group of patients is that of preterm infants in whom complications of prematurity could have a significant impact on the surgical outcome [18] . They present high perioperative mortality regardless of the therapeutic tool applied to close the PDA, even if they do not need conversion to thoracotomy [19] . They are more prone to be hemodynamically unstable during VATS procedures, as was also noted in our observation. In our study, 7 preterm infants were converted from thoracoscopy to the conventional approach. One of them, born as a very low birth weight infant before the 30 th week, died 48 h after the surgery due to acute cardiopulmonary dysfunction. The conversion was performed because of incomplete PDA closure. This patient presented a preoperatively critical state with many comorbidities such as heart failure, respiratory failure, fetal infection, anemia of prematurity and intraventricular hemorrhage. We are certain that the death was associated with prematurity rather than conversion during VATS itself.
We reconfirmed that conversion is usually not related to serious complications, either organ or surgical. The surgical incision in converted children is longer than in the case of not only a successful VATS procedure but also the elective thoracotomy approach. Fortunately, it did not affect wound healing. No surgical site infections were noted in our group, which was consistent with other reports. It was also previously suggested that thoracotomy, particularly posterolateral, might be associated with higher prevalence of postoperative scoliosis (even up to 50%) [6, 20] . In our group such chest asymmetry was seen in two patients but it was relatively mild and no additional procedures had to be done.
Conclusions
The rate of VATS PDA closure conversion to standard thoracotomy features a learning curve. Although it must be considered as a serious complication, probably it does not negatively affect either the early mortality rate or longterm survival.
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